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The fossil record of toadfishes (Batrachoidiformes) is meager, with only scarce skeletal remains. The Menilitic Forma-
tion (Dynów Member) has provided the first and only Oligocene articulated skeleton of a toadfish, described herein as
†Louckaichthys novosadi gen. et sp. nov. based on an incomplete partially articulated skeleton. The new taxon is charac-
terized by a peculiar combination of features that clearly demonstrates its distinct generic status within the
Batrachoidiformes, including: oblong subopercle with a single spine and no filaments; opercle with two spines and a sin-
gle filament; preopercle with well-developed articular pedicel at the confluence of the vertical and horizontal arms;
robust hyomandibula with well-developed articular, opercular and preopercular processes; and at least two pairs of
epineurals hypertrophied and robust. Furthermore, the unique combination of features does not allow the inclusion of
this new taxon within any of the known extant subfamilies. • Key words: Teleostei, Batrachoidiformes, Oligocene,
Menilitic Formation, Paratethys.
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Toadfishes of the family Batrachoididae are the sole mem-
bers of the order Batrachoidiformes, a group of primarily
coastal benthic fishes distributed in tropical to temperate
marine and brackish waters of the Atlantic, Indian and Pa-
cific oceans (Greenfield et al. 2008), with a few species
being restricted to the freshwaters of South America (e.g.,
Collette 1995). This morphologically well-defined group
was included for a long time within the Paracanthopterygii
(e.g., Greenwood et al. 1966, Rosen & Patterson 1969, Pat-
terson & Rosen 1989) as closely allied with the Lophiifor-
mes in the Pediculati. Recent molecular studies, however,
have revealed their basal position within percomorphs
(e.g., Betancur-R. et al. 2013, Chen et al. 2014). The recent
taxonomic analysis of the family Batrachoididae on
a worldwide basis by Greenfield et al. (2008) recognized
23 extant genera in four monophyletic subfamilies, the
Batrachoidinae, Halophryninae, Porichthyinae, and Tha-
lassophryninae. Although the Batrachoididae comprises
slightly less than 80 extant species, they are poorly repre-
sented in the fossil record (Carnevale & Collette 2014). Ar-
ticulated skeletal remains are currently known only from
the Miocene of Algeria, Austria and Italy (Arambourg
1927, Carnevale 2004, Carnevale & Collette 2014), while
isolated bones have been reported from Miocene to Pleisto-
cene deposits of the Middle Atlantic Coastal Plain of North
America (Ray et al. 1968, Purdy et al. 2001, Carnevale &
Godfrey in press). Therefore, while the oldest skeletal
remains of these fishes date back to the Serravallian (Car-
nevale & Collette 2014), the otolith record of toadfishes
extends back at least to the Ypresian of France (Nolf 1988),
and numerous otolith-based taxa are known from the Pri-
abonian of Italy (Girone & Nolf 2009, Nolf 2013), and
Rupelian of France (Nolf 2013). The Late Cretaceous Bac-
chiaichthys zucchiae from the paralic deposits of Trebici-
ano, Italy (Bannikov & Sorbini 2000, Carnevale & Johnson
2015) seems to exhibit several batrachoidiform features;
however, any attribution to the toadfishes cannot be con-
firmed until a much more detailed analysis of the skeletal
morphology of this fish will be available in order to conclu-
sively demonstrate its phylogenetic affinities. Since the
Miocene, batrachoidiforms become rather common (e.g.,
Landini et al. 2002a, 2002b; Carnevale et al. 2006, 2008,
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2011; Nolf 2013) and at least three of the four main batra-
choidid lineages (Batrachoidinae, Halophryninae, Por-
ichthyinae) were in existence (Carnevale & Collette 2014).
The goal of this paper is to describe a new genus and spe-
cies of toadfish from the Rupelian Menilitic Formation of
the Loučka locality (Moravia, Czech Republic), represent-
ing the first Oligocene articulated toadfish skeleton and
most probably the oldest skeletal record of the order Batra-
choidiformes (see below).
The sediments of the Rupelian Menilitic Formation in
the Carpathian Flysch zone (32 Ma) have provided rich and
diverse fish assemblages. For example, representatives of
15 teleost families and of five elasmobranch families have
been recognized in the Dynów Marlstones at the Litenčice
locality (e.g., Gregorová 1988, 2011; Přikryl 2009;
Cappetta et al. 2016; Gregorová et al. 2016). The Loučka
locality shows an almost complete exposition of the
Menilitic Formation from the Subchert to the Dynów mem-
bers; the Šitbořice Member is not represented in this local-
ity (Stráník 1981; Bubík, personal communication). The
locality, especially the uppermost portion of the exposed
section (Dynów Member), has been explored for several
years by one of us (T.P.), together with paleontologists of
the National Museum, Prague and local collectors, result-
ing in the accumulation of a rich assemblage currently under
study (Přikryl et al. 2012, ongoing research); it includes
sharks, clupeids, gonostomatids, argentinids, gadiforms,
perciforms, ophidiiforms, and the new batrachoidiform ge-
nus and species documented herein.
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The holotype and only known specimen in part (NMP Pv
10052a) and counterpart (NMP Pv 10052b) is deposited in
the National Museum in Prague (NMP). The specimen is
preserved on the surface of brown-grey marl with bones
that appear grey or greenish (bones are yellowish when
fragmented).
The Loučka locality (Silesian Unit) is located about
800 meters south-west from “Police” near the Valašské
Meziříčí train station, along the left bank of the Loučka
stream (Fig. 1). A large part of the Rupelian Menilitic For-
mation is exposed in this locality, including the Subchert,
Chert, and Dynów members (Stráník 1981; Bubík, personal
communication). A detail geological and stratigraphic de-
scription of the locality, together with a description and anal-
ysis of fossil assemblage, is currently in preparation.

	
	
		
			
$%& Sketch of the Czech Republic showing the location of the Loučka locality.
$'& †Louckaichthys novosadi gen. et sp. nov. from the Oligocene of the Loučka locality. Holotype. • A – NMP Pv 10052a. • B – interpretative
drawing of the A. • C – NMP Pv 10052b, counterpart of NMP Pv 10052a.
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The fossil was studied using a Leica MZ6 stereo-
microscope equipped with a camera lucida drawing arm.
The measurements were taken with a dial caliper, to the
nearest 0.1 mm. All extinct taxa are marked with a dagger
(†) preceding their name.
Anatomical abbreviations: ang – angulo-articular; boc
– basioccipital; br – branchiostegal rays; cl – cleithrum;
den – dentary; ect – ectopterygoid; epi – epineural; fr –
frontal; haap – articular head of the hyomandibula (anterior
facet); hm – hyomandibula; hop – opercular process of the
hyomandibula; hpap – articular head of the hyomandibula
(posterior facet); hpbr – hypobranchial; hpp – preopercular
process of the hyomandibula; le – lateral ethmoid; mtp –
metapterygoid; mx – maxilla; op – opercle; oto – saccular
otoliths; P – pectoral fin; pa – palatine; pcl – postcleithrum;
phg – pharyngeal tooth patch; pmx – premaxilla; pop –
preopercle; psph – parasphenoid; pst – posttemporal; q –
quadrate; scl – supracleithrum; scpc – scapula and coracoid
remains; sop – subopercle; sph – sphenotic; V – pelvic fin;
v – vomer; vert – vertebrae.
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Division Percomorphacea sensu Wiley & Johnson, 2010
Order Batrachoidiformes Goodrich, 1909
Family Batrachoididae Bonaparte, 1832
Genus †Louckaichthys gen. nov.
Type species. – †Louckaichthys novosadi sp. nov.
Etymology. – The generic name is derived from the name
of the Loučka locality, situated along the bank of the
Loučka stream.
Diagnosis. – Batrachoidid fish with an oblong subopercle
having a single spine and no filaments; opercle with two
spines and a single filament; preopercle with
well-developed articular pedicel emerging along the ante-
rior margin at the confluence between vertical and horizon-
tal arms; robust hyomandibula with well-developed articu-
lar, opercular and preopercular processes; at least two pairs
of epineurals hypertrophied and robust.
Species included. – Type species only.
†Louckaichthys novosadi sp. nov.
Figures 2–4
Holotype. – The specimen in part (NMP Pv 10052a;
Fig. 2A, B) and counterpart (NMP Pv 10052b; Fig. 2C).
Material. – Holotype only.
Type locality and horizon. – The Loučka locality (Silesian
Unit); early Oligocene, Rupelian (32 Ma). The specimen
was collected in the Dynów Member of the Menilitic For-
mation.
Etymology. – The species name is honor of Mr. Bronislav
Novosad who collected the specimen and donated it to the
NMP collection.
Diagnosis. – As for genus.
Description. – The specimen is partially complete, lacking
the posterior portion of the vertebral column, the median fins
and their endoskeletal supports, and the pelvic girdles. The
bones of the axial skeleton are only weakly articulated or
completely disarticulated. As a consequence, it is not pos-
sible to take most of the appropriate measurements and to
properly evaluate the body proportions (estimated standard
length about 150 mm). The cephalic part of the body is broad
and dorso-ventrally compressed. The fossil is exposed in
ventral aspect, and the original morphology of only some of
the skeletal elements is fully recognizable due to their frag-
mentation. Most of the cranial bones are exposed in medial
view and in some cases the inner structure is visible.
The neurocranium is only partially complete and mod-
erately well-preserved (Fig. 3). Its estimated length is
about 34 mm, measured from the anteriormost margin of
the vomer to the posteriormost edge of the basioccipital.
Overall, the neurocranium appears to be notably depressed
and rather elongate, with the ratio between its maximum
length (measured from anterior-most tip of the vomer to the
posteriormost margin of the basioccipital) and its width
(measured between the two contralateral sphenotic pro-
cess) being about 1.7. The interorbital portion is narrow.
The frontals are recognizable and exhibit crenulated lateral
margins. There is no evidence of the mesethmoid. The
vomer is exposed in ventral view and shows several tooth
sockets. Fragmentary remains of the lateral ethmoids are
preserved lateral to the vomer. The vomer articulates pos-
teriorly with the parasphenoid. The neurocranium is nota-
bly expanded postorbitally, bearing easily recognizable
and posteriorly oriented sphenotic processes. The posterior
part of the neurocranium is inadequately preserved and
only basioccipital fragments can be tentatively recognized.
Remains of the left and right saccular otoliths are recogniz-
able, but their morphology is not clear.
The jaws are extensively damaged, with several tooth
fragments recognizable in both the right premaxilla and left
dentary. The dentary is elongated and relatively narrow,
bearing a well-developed coronoid process postero-dor-
sally. The angulo-articular does not appear to be involved
in the coronoid process, being much lower than the poste-
rior part of the dentary. The articulation of the lower jaw is
located at the level of the posterior portion of the orbit.
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The quadrate is broad and low, and articulates
postero-dorsally with the subtriangular metapterygoid,
and anteriorly with the ectopterygoid. The ectopterygoid
is flat, with a slightly concave ventral margin; the medial
articulation for the palatine is recognizable in the ante-
rior half of the ectopterygoid. The morphology of the
palatine is difficult to recognize. The left hyomandibula
is well preserved (Fig. 4C); it is relatively robust, short
and bears relatively large articular, opercular and
preopercular processes. The opercular process is long
and well-developed, similar to the ventrally directed
preopercular process. The hyomandibula articulates
ventrally with the metapterygoid; due to this articulation
we are not able to recognize the exact morphology of the
ventral margin of the hyomandibula, which is hidden by
the metapterygoid.
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$*& †Louckaichthys novosadi gen. et sp. nov. from the Oligocene of the Loučka locality. Holotype (NMP Pv 10052a). Interpretative drawing of
the head skeleton and anterior part of the axial skeleton. For abbreviation see Material and methods.
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The preopercle consists of two arms of similar size
forming a nearly right angle (Fig. 4D); the horizontal arm is
slightly more massive. The preopercle bears a well-devel-
oped and dorsally oriented pedicel with a nearly straight
dorsal edge, emerging along its dorsal margin at the angle
formed by the convergence of the horizontal and vertical
arms. The pedicel probably articulated with the ventral
margin of the metapterygoid. The postero-ventral margin
of the preopercle is irregular and almost fringed. The
opercle (Fig. 4A) is nearly triangular in outline. The hori-
zontal ridge arising from the condyle for the opercular pro-
cess of the hyomandibula terminates posteriorly in a strong
spine; the main thickened shaft of this bone terminates
posteroventrally into a blunt spine; the posteroventral mar-
gin of the opercle is strongly concave. The dorsal margin of
the opercle is thin, with an irregular and fringe-like profile,
and characterized by a single filament that emerges in its
posterior third. The subopercle is oblong, with nearly
straight dorsal and convex postero-ventral margins and ter-
minating posterodorsally in a single thin and elongate spine
(Fig. 4B).
The branchial skeleton is poorly preserved and only
a single hypobranchial, a few (tooth-bearing) pharyngo-
branchials and several branchiostegal rays can be recog-
nized.
Of the axial skeleton about 27 vertebrae and their asso-
ciated epineurals are preserved. At least some of the verte-
brae bear robust and anteroposteriorly expanded neural
spines, of which the first recognizable preserved element
appears to be that of the fifth neural spine. Pleural ribs are
not present, but several pairs of epineurals are recogniz-
able; at least two pairs of epineurals are hypertrophied and
robust, articulating with the anterior vertebrae.
The pectoral girdle is only partially preserved. The left
anteriorly bifurcated posttemporal and its associated elon-
gate supracleitrum are clearly recognizable; these two
bones are ankylosed and seem to exhibit a condylar articu-
lation. The cleithrum is crescent-shaped. Scapula and
coracoid are poorly preserved and difficult to recognize.
The preserved left pectoral fin contains approximately 16
distally bifurcated rays. What appears to be the right pelvic
fin is composed by about three rays, plus a thin and short
spine. The pelvic girdle is not recognizable.
Discussion. – Despite its incompleteness, the fossil described
herein exhibit a set of features that support its recognition
as a member of the batrachoidiform family Batrachoididae.
The monophyletic status of the Batrachoidiformes and,
consequently, of the Batrachoididae, has been extensively
debated (e.g., Regan 1912, Monod 1960, Lauder & Liem
1983, Patterson & Rosen 1989). Wiley & Johnson (2010)
identified nine synapomorphies for this group, including
larvae with an enormous yolk sac bearing an adhesive disc
on its ventral surface; “crowded” configuration of dorsal
spine/pterygiophore complex; first epineural hypertrophied,
robust and ligamentously bound to the medial surface of
the cleithrum; five pectoral radials, the uppermost unossi-
fied in some genera, the lowermost the largest and with
condylar articulation with the coracoid; supracleithrum
with condylar articulation with the ankylosed posttempo-
ral; parietal absent; pelvic fin with a very short spine and
two soft rays; mesethmoid unossified; and swimbladder
with distinctive configuration. The fossil exhibits the typi-
cal toadfish physiognomy and a detailed morphological
examination of the skeleton allows for the recognition of at
least three of these features that clearly justify its inclusion
within the Batrachoidiformes (and, likely, the family Batra-
choididae), including the possession of an hypertrophied
first epineural (Figs 2–3), supracleithrum with condylar ar-
ticulation with ankylosed posttemporal (see Fig. 3), and
mesethmoid unossified.
†Louckaichthys gen. nov. exhibits a unique combina-
tion features that make it very difficult to clarify its posi-
tion within the batrachoiforms but clearly provides evi-
dence of its separate generic status. What appears to be its
most interesting feature is the possession of at least two
pairs of hypertrophied and robust epineurals. As discussed
above, the possession of a single pair of greatly expanded
epineurals inserting on the anterior vertebra and liga-
mentously bound to the medial surface of the cleithrum
was regarded by Wiley & Johnson (2010) as diagnostic for
toadfishes. The additional pair of hypertrophied epineurals
is apparently unique within the Batrachoidiformes. More-
over, while the single pair of hypertrophied epineurals
characteristic of extant toadfishes inserts on the neural
arches of the first vertebra and is bound to the medial sur-
face of the cleithrum, the situation is not clear in
†Louckaichthys gen. nov. due to inadequate preservation.
What we interpreted as the pelvic fin of †Louckaichthys
gen. nov. is only moderately preserved; however, it seems
to comprise approximately three soft rays, while only two
are considered to be synapomorphic for the group by Wiley
& Johnson (2010). The presence of two or three pelvic-fin
rays in batrachoidiforms has been reported by Gosline
(1970) and Greenfield et al. (2008); these conditions are
considered to be erroneous by Wiley & Johnson (2010,
p. 160). A detailed reexamination of a large sample of indi-
viduals of the extant toadfish diversity and better preserved
specimens would shed light to this problematic question.
There is no evidence of a subopercular filaments in the
†Louckaichthys novosadi gen. et sp. nov. holotype.The ab-
sence of subopercular filaments is certainly unique within
the batrachoidiforms (see Greenfield et al. 2008, Wiley &
Johnson 2010, Carnevale & Collette 2014) and unques-
tionably represents a relevant diagnostic feature for this
new Oligocene toadfish. However, it is difficult to define
whether the absence of the subopercular filaments should
be regarded as the primitive state or a secondary loss.
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Finally, †Louckaichthys gen nov. also differs from
all the other toadfish genera by having a remarkably
well-developed preopercular process of the hyo-
mandibula (see Greenfield et al. 2008), as well as a dor-
sally oriented and expanded pedicel emerging along the
anterior margin of the preopercle at the angle formed by
the confluence of its horizontal and vertical arms (see
Greenfield et al. 2008).
Summarizing, substantial morphological evidence
strongly supports the placement of the Oligocene fossil
from the Menilitic Formation described herein in a new
batrachoidiform genus. A peculiar and unique set of
osteological features seems to indicate that
†Louckaichthys gen. nov. is not a member of the currently
recognized batrachoidiform lineages (Batrachoidinae,
Halophryninae, Porichthyinae, Thalassophryninae). In
any case, additional comparative information and ana-
tomical evidence would be desirable to properly interpret
its affinities within the Batrachoidiformes and, for this
reason, we prefer to postpone any attempt to analyze its
phylogenetic relationships until much more complete
specimens become available.
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A single articulated skeleton of a new toadfish, †Loucka-
ichthys novosadi gen. et sp. nov., is described herein. Arti-
culated skeletal remains of toadfishes were exclusively
known from Miocene deposits, thereby implying that the
specimen described herein represents the first Oligocene
batrachoidiform described up to date. The specimen ex-
hibits the typical toadfish physiognomy, and at least three
morphological features (possession of an hypertrophied
first epineural, supracleithrum with condylar articulation
with ankylosed posttemporal, mesethmoid unossified)
clearly justify its inclusion within the Batrachoidiformes.
Despite its incompleteness and partial disarticulation, the
+
$+& †Louckaichthys novosadi gen. et sp. nov. from the Oligocene of the Loučka locality. Holotype (NMP Pv 10052b). Interpretative drawings of se-
lected skull bones. • A – opercle showing two spines and a single filament (distal tip is marked by arrow; antero-dorsal margin is not preserved well enough to be
reconstructed properly). • B – subopercle. • C – hyomandibula and associated metapterygoid. • D – preopercle. For abbreviation see Material and methods.
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specimen shows numerous characters that confirm its sepa-
rate taxonomic status within this group. One of these fea-
tures – possession of at least two pairs of hypertrophied and
robust epineurals – is unique within the batrachoidiforms.
A more precise evaluation of the phylogenetic relation-
ships of †Louckaichthys novosadi gen. et sp. nov. is not pos-
sible until additional and more complete specimens will be
available.
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